Water stress is induced by an imbalance between the transpiration rate and root hydraulic conductivity of plants. It interrupts water transport from the root system, decreases leaf water potential, stomata! conductance, CO2 uptake and consequently, net photosynthesis (Medina et al., 1999) . Citrus grown in the humid tropics sometimes experience water stress during dry spells which may necessitate irrigation (Parsons and Wheaton, 2000) . Low irradiance decreases net photosynthesis (A) and nitrogen content of citrus leaves (Ono and Iwagaki, 1987; Maata and Tominaga, 1998) . It induces adaptations, which predispose the leaves to photoinhibition (Syvertsen and Smith, 1984; Ono and Iwagaki, 1987; Gussakovsky et al., 1993) . In low-input production systems of the humid tropics, citrus is often intercropped at the juvenile stage. The canopies of tall interrrops such as maize shade the young citrus plants in the under-storey. During dry spells, such intercropped citrus experience shading and water stress simultaneously. The roots of the companion crops accentuate water stress in citrus plots by competing with citrus roots for soil moisture. Light intensity sometimes interacts with plant water status to influence photosynthesis (Thomas and Turner, 2001) . It is uncertain whether this occurs in citrus and thus explains the curtailed growth of intercropped cit-rus (Aiyelaagbe, 2001) . Consequently, our study was designed to determine if the effects of water stress and shading on net photosynthesis are interactive or independent. A better understanding of water and light relations in citrus could help improve the management of intercropped orchards . MATERIALS AND METHODS
Plant growth conditions
The study was conducted in a sunlit greenhouse at Bonn, Germany between March and August 2001. Two-year old rooted cuttings of lemon (Citrus limon L. Burm.f. Eureka), grown in 5 L pots filled with a peat and sand mixture (1: 1 v/v) were used. In March 2001 , they were mulched with a layer of stone pebbles (1-2 cm) to reduce evaporative water loses. Each plant received 300 mL of a modified Hoagland nutrient solution (Chen et al., 1997) . At two-week intervals . Between April and August 2001, the plants were grown under the different water and light conditions that simulated the different scenarios in intercropping. These included water stress -full light, water stress + shade, sufficient water+ shade and sufficient water+ full light (control) .
Water stress was induced by cyclically withholding water from the plants until the rooting medium was deleted to 30% available soil moisture (permanent wilting point). Thereafter, placing the pots in a tray of water for 4 h rehydrated the rooting medium. The excess water was allowed to drain out overnight, then the stress cycle resumed. Sufficiently watered plants were rehydrated similarly at three-day intervals to ensure that the rooting medium remained close to 80% available soil moisture (field capacity). 
Photosynthesis
Net photosynthesis (A), stomatal conductance (gs) and intercellar CO2 concentration (Ci), were measured under ambient (uncontrolled) temperature, CO2 concentration relative humidity and irradiance in the greenhouse, using a CIRAS-1 portable photosynthesis system (PP Systems, Herts UK). The measurements were made on the 1st of June, a clear day when water stress effects were manifested by plants submitted to water stress. One fully expanded leaf per plant was used . The measurements were repeated at two-hour intervals between 11:00 and 15:00 and the values pooled . The light sensor installed on the leaf cuvette of the CIRAS-1 monitored PAR .
Light acclimation of photosynthesis Chlorophyll fluorescence and chlorophyll content Chlorophyll fluorescence was determined on intact leaves in the laboratory. The plants were dark adapted for 20 min. Thereafter, three fully expanded leaves per plant were inserted in to the time resolving PAM fluorimeter (Walz GmbH, Effeltrich, Germany), one after the other . Minimum fluorescence (Fo) of the dark adapted leaves was elicited by exposing them to a weak Environ.
Control Biol.
DROUGHT AND SHADE EFFECTS ON LEMON modulated beam. Thereafter, their maximum fluorescence (Fm) was determined after a saturation pulse. Optimum quantum yield was calculated according to Schreiber et al. (1995) . Effective quantum yield (Yield), photochemical quenching and non photochemical quenching (NPQ) coefficients were automatically determined by the PAM-2000 data acquisition software fitted to the fluorimeter. Total chlorophyll, chlorophyll a, chlorophyll b and carotenoid contents of the leaves were determined using three leaf discs 0.95 cm diameter each. Each batch of three leaf discs was soaked in 5 ml of di-methyl sulfoxide in the dark for 24 h at room temperature. There after, the absorbance of 2 mL of extract was determined with a Perkin-Lambda 5/15 UV/VIS spectrophotometer (Perkin-Elmer Corp., Connecticut, USA) at wavelengths of 480, 649 and 665 nm. Concentration of pigments was calculated according to Wellbum (1994) as follows: 
RESULTS

Photosynthesis
Under ambient conditions, the mean effects of water stress and shading on A and Ci of lemon were significant. But their interactive effects were not significant ( Table 1) . Irrespective of light conditions, water stress significantly decreased A, gs, while it significantly increased Ci. Similarly, irrespective of plant water status, shading significantly decreased A and Ci. It had no effect on gs ( Chlorophyll fluorescence and chlorophyll content The mean effects of water did not influence minimal fluorescence (Fo), maximum fluorescence (Fm), optimum quantum yield (Fv/Fm ), effective quantum yield (Yield), photochemical quenching (qP) and non-photochemical quenching (NPQ) of the plants. Their value ranged between 0.313-0.318, 2.523-1.574, 0.784-0.789, 0.313-0.335, 0.087-0.125, 0.654-0.700, respectively. Similarly, The mean effects of light were not significant for Fo, Yield and qP. However, shading significantly increased NPQ ( 
DISCUSSION
Under ambient conditions in the greenhouse, the mean effects of water stress and shading significantly decreased A. The effect of water stress was twice as severe as that of shade , probably because water stress influences both stomatal and non-stomatal aspects of photosynthesis which influence CO2 uptake and utilization. Conversely, shading hardly affects stomatal related aspects of photosynthesis (Farquhar and Sharkey, 1982) . Shading effects are probably attributable mainly to mesophyll factors which include the activity of the enzyme ribulose 1 , 5 bi-phosphate carboxylase (Syvertsen, 1984; Chen et al., 1992) . Rubisco content of chloroplast frequently decreases with decreasing irradiance (Herppich, 2000) . Although carotenoids are known to mediate dissipation of excessive excitation energy as a photoprotective leaf adaptation to avoid photodamage (During, 1999) , no such significant effects were observed during this study. However, low values of Fv/Fm indicate that the water stressed plants growing in full light were photoinhibited. This explains their poor response of A to increasing irradiance. 
